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Response of American Electric Power to Draft Dam Assessment Report Recommendations 
Philip Sporn Plant 

 
 
At the request of the U.S. EPA, American Electric Power has reviewed the recommendation section of the 
draft Dam Assessment Report prepared by Dewberry for the fly ash and bottom ash ponds at the Philip 
Sporn Plant.  In summary, AEP is in general agreement with some of the recommendations, but strongly 
disagrees with the conclusion that the facilities are “rated as poor” for continued safe and reliable 
operation.  American Electric Power believes a “Fair” or better rating is warranted based on the following:   
 

• The facilities have been designed, permitted, monitored and maintained in accordance with the 
requirements of the West Virginia dam safety regulations and in accordance with the standards of 
good engineering practice.  The facilities have been routinely inspected by qualified staff of the 
West Virginia Department of Environmental Protection and have undergone a number of 
professional engineering assessments by recognized experts since the Kingston failure.  
Additionally, the facilities undergo routine inspection by plant personnel and annual inspections 
by qualified professional engineers.    

 
• In response to the TVA Kingston impoundment failure, AEP worked with the WVDEP Dam Safety 

Office to re-evaluate the integrity and safety of these facilities.  Those reviews again confirmed 
that the Sporn ash ponds are stable and safe.  The following inspections and investigations have 
been performed in 2009 and support the conclusion that the facilities are stable and safe:  

 
- Independent professional engineer detailed inspection with findings that concluded “ the 

overall condition remains good” and specific work was needed to address localized 
surface sloughing and erosion repairs:  February 12, 2009 

- WV Department of Environmental Protection dam safety inspection (March 11, 2009) with 
recommendations that indicated the need for additional studies for a 100-year Ohio River 
flood scouring potential of the eastern embankment and the repair of the surface 
sloughing on the down stream embankment slopes:  Scour analysis has been completed 
and there is not need for special revetment of the slope. An application for the approval of 
the modifications necessary to improve the down stream slopes of the facility is currently 
under review by the regulatory agency.  We are awaiting final approval to proceed with 
the repairs. 

- Fulfilled an Order from WVDEP to perform a number of detailed structural integrity and 
safety investigations.  Following the completion of the item outlined in the order, DEP 
closed the Order on May 27, 2009.  

- AEP engineering staff inspection on August 27, 2009, including a review of the 
monitoring and surveillance data, concluded that the facility was overall in “good 
condition” with the need with the surface repairs noted..  

- Performed quarterly dam deformation surveys at 30 points around the ponds to detect 
movement.  All findings were within normal parameters. 

- Installed additional wells to monitor water levels within the dikes to further improve our 
monitoring and surveillance efforts. 

- Performed additional soil borings and laboratory analyses to confirm the strength of the 
soils in  the dikes and foundations. No issues or abnormalities were found. 

- Performed analyses to confirm the "factor of safety" in the dike design and construction 
and all safety factors met or exceeded required standards. 

- Evaluated the potential for effects from underground mine subsidence in the area. No 
problems were found.  
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• AEP has thoroughly reviewed the Kingston root cause report and worked with Mr. Barry Thacker, 
P.E., owner of GeoEnvironmental, Inc., and others to understand the Kingston failure.  As a result 
of these reviews, AEP has concluded that the unique conditions that led to the failure at Kingston 
do not exist at the Philip Sporn facilities.     

 
It is AEP’s understanding that the “poor” rating in the draft report is driven primarily by three issues:    
 

1. Liquefaction concerns associated with the use of fly ash and bottom ash as a material of 
construction for foundations and existing dikes.  

2. Surface sloughing, erosion surface irregularities of some of the bottom ash and fly ash 
embankments. 

3. Slope stability issues related to ground vibration induced by the nearby railroad. 
 
The draft report contains recommendations for conducting field remediation and additional analyses to 
address these issues.  AEP provides the following response to these three noted items: 
 

1. Liquefaction concerns associated with the use of fly ash and bottom ash as a material of 
construction for foundations and existing dikes.  AEP concurs with the statement in the draft 
report that fly ash materials may be susceptible to liquefaction under certain conditions.  The draft 
report contains a recommendation to perform analyses to determine the potential for soil 
liquefaction.  Studies have been completed and based on those studies AEP has concluded that 
the conditions necessary to liquefy the fly ash located in the embankments and foundations at the 
Philip Sporn site are not present.  Attachment A provides additional information and copies of the 
relevant studies. 

 
2. Surface sloughing, erosion surface irregularities of some of the bottom ash and fly ash 

embankments.  AEP agrees that this condition needs to be corrected and has been monitoring 
the condition and working with the WVDEP to implement remedial measures.  AEP has submitted 
a formal design modification request to WVDEP to implement field improvements to eliminate the 
surface sloughs and erosion gullies.   We expect to receive approval to implement the remedial 
measures and will initiate and complete the field work as soon as possible.  This work will result 
in greater than one acre of soil disturbance, thus requiring approval under the WV general permit 
for storm water discharges associated with construction activity.  Attachment B to this package 
provides a detailed description of the status of these activities and the plans going forward.   
 

3. Slope stability issues related to ground vibration induced by the nearby railroad.   AEP is 
fully aware of the localized repair needed to address the shallow surface instability and this work 
was included in the above permit request to the WVDEP.  Steps to repair surface instability on 
the fly ash pond dike will be completed. AEP will also complete vibration measurements and 
analysis of the fly ash pond dike caused by the railway traffic.  Thereafter, AEP will prepare a 
report summarizing the results of the monitoring and analyses.  Attachment C provides additional 
information on this issue.  The proposed remedial measures for the fly ash pond dike will be 
similar to those previously completed in 2002 for the bottom ash pond dike.  The bottom ash dike 
has not experienced further instability following those repairs. 

 
In addition, we note that the EPA news release dated October 29, 2009 stated that “EPA contractors 
identified factors at the AEP Sporn facility that are similar to the Kingston facility – specifically, both 
facilities piled coal ash and bottom ash around the impoundment to raise the impoundment’s walls.”  In 
response to that statement, AEP provides a draft “white paper” found in Attachment D which summarizes 
many of the critical differences between the Sporn and Kingston facilities.  After reviewing this 
information, the liquefaction information submitted in attachment A  and the previously submitted design 
information for the facilities, we believe EPA and its contractor will conclude that the Sporn facility is 
stable and safe, and that the proposed “poor” rating is not justified. 
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AEP requests EPA’s thoughtful consideration of these comments and concurrence that we have provided 
compelling justification to warrant a revision of the overall rating of these facilities to a rating of “fair” or 
higher.  As also requested by EPA, AEP will provide additional comments on the entirety of the draft 
report by the November 30, 2009 deadline. 
 



ATTACHMENT A 
STUDIES IN RESPONSE TO COMMENTS REGARDING POTENTIAL FOR LIQUEFACTION OF EMBANKMENT 

AND FOUNDATION SOILS 
U.S. EPA DIRECTED DAM SAFETY ASSESSMENT 

PHILIP SPORN PLANT – MASON COUNTY, WEST VIRGINIA 
 

Response to contractor’s conclusion that fly ash material strata may be susceptible to liquefaction 
under certain conditions and associated recommendation for further study. 

 

We concur with the US EPA inspector that “fly ash material strata may be susceptible to 
liquefaction under certain conditions.”  We believe that the requested studies have been conducted and 
based on those studies, have concluded that the conditions necessary to liquefy the fly ash located in 
the embankments and foundation soil of the impoundments are not present at the site of the Philip 
Sporn Plant due to its geologic and seismic setting (anticipated ground accelerations in the range of 
0.06g as indicated by the US EPA inspector).  

  The liquefaction potential of fly ash has been understood within the engineering profession 
since at least the early 1970’s, (Casagrande, Gandhi 1999, Wolfe 2007, Wolfe 2009) even though it has 
not been highly publicized. In order to liquefy fly ash, and for that matter any material, it is imperative 
that a mechanism capable of inducing high pore pressures in the materials exists, triggering a resulting 
overall lost of strength of the material. Thus, the efforts associated with the study of the liquefaction of 
fly ash have focused on understanding the triggering mechanism of the behavior. 

  In 2005, American Electric Power commissioned an evaluation of the liquefaction of ponded ash 
at The Ohio State University. In this work, samples of ponded fly ash were re‐constructed to different 
densities and subjected to cyclic loading until liquefaction was achieved. Based on the results of these 
tests, relationships were developed between the imposed shear stress ratio and the number of cycles to 
liquefy fly ash to assist in design and review efforts of AEP’ facilities. In addition, ground response 
analyses were performed using design accelerations of 0.08g and 0.15g. These accelerations were 
selected as they represent the upper range of accelerations induced by credible earthquakes within the 
locations of AEP Fly Ash impoundments. The results of The Ohio State University research revealed that 
ground accelerations of these magnitudes were not capable of inducing liquefaction of the fly ash. 
(2005). These results were published by the researchers in peered reviewed conferences and journals. 
Liquefaction studies in ponded ash conducted by Gandhi (1999) concluded that there is no risk of 
liquefaction for ash deposits located in earthquake zones where the values of the acceleration do not 
exceed 0.211g. The results of the Ohio State evaluation are in agreement with the conclusions drawn on 
the basis of Gandhi’s 1999 research. 

  It is worth mentioning, that the raising of the eastern dike of the Fly Ash pond at the Sporn Plant 
was planned  and constructed under the technical supervision of Arthur Casagrande as AEP consultant in 
1972 (Amaya 1998) who was well aware of the liquefaction potential of fly ash. In summary, AEP has 
studied the liquefaction potential of fly ash and concluded that the conditions necessary for the  
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liquefaction of the ash materials located in the embankments and foundation soil of the impoundments 
are not present at the site of the Philip Sporn Plant due to its geologic and seismic setting. 
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ATTACHMENT B 
PROPOSED ACTION PLAN IN RESPONSE TO DOWNSTREAM EMBANKMENT 

SLOUGHING, EROSION AND SURFACE IRREGULARITIES RECOMMENDATIONS 
U.S. EPA DIRECTED DAM SAFETY ASSESSMENT 

PHILIP SPORN PLANT – MASON COUNTY, WEST VIRGINIA 
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Introduction 
 
Following is the an outline of the current status of ongoing activities and the proposed action plan for the proposed 
construction activities related to the recommendations provided in the West Virginia Department of Environmental 
Protection Division of Water and Waste Management Dam Safety Section inspection report and the draft Dam Safety 
Assessment Report prepared by Dewberry & Davis, LLC (dated October 2009) as received from the U.S. Environmental 
Protection Agency. 
 
 
Downstream Embankment Surface Sloughing Stabilization Work 
Current Permitting and Construction Plan 
 
On March 11, 2009 the West Virginia Department of Environmental Protection Division of Water and Waste Management 
Dam Safety Section performed an inspection of the Sporn Unit 5 Fly Ash Pond Dam.  Their inspection report 
recommended that an Application for a Certificate of Approval be submitted to stabilize the slips on the west exterior slope 
and depressions on the east exterior slope below the haul road.  The report also recommended that a scour analysis for a 
100-year flood along the eastern exterior slope be performed to determine if slope armoring is warranted.  The referenced 
report was received on May 14, 2009 and the scour analysis was completed on August 24, 2009 and determined that 
armoring isn’t necessary.   The draft Dam Safety Assessment Report prepared by Dewberry & Davis, LLC (dated October 
2009) as received from the U.S. Environmental Protection Agency also recommended remedial efforts to address 
sloughing along the downstream slopes of the management unit. 
 
Since receiving the WVDEP inspection report, American Electric Power Service Corporation on behalf of Appalachian 
Power Company has taken the following steps to complete those recommended construction activities: 
 

• Plans and an Application for a Certificate of Approval to make the repairs were prepared and submitted to Dam 
Safety on September 22, 2009 and is currently being reviewed; 

• A Stormwater Pollution Prevention Plan is being prepared is being prepared and is scheduled to be submitted during 
the week of November 2, 2009.  Due to the area involved, WVDEP approval of the plan will be at least 45 days; 

• Tree clearing commenced on October 28, 2009; 
• The grading and stabilization scope of work was reviewed on site with a selected Contractor and a Contract Release 

was prepared.  It is anticipated that the Contractor would be able to mobilize within 2 weeks after notice to proceed, 
which will be granted upon final approval from the WVDEP. 

 
Given the anticipated issue/approval dates for the Certificate of Approval and the Stormwater Pollution Prevention Plan, 
construction is planned to commence in late 2009 or early 2010 with the stabilization of the western slope (along the 
railroad).  Given the nature of the grading work on the east exterior slope and the potential for severe erosion through the 
winter and spring, it is preferable that this portion of the work be deferred until the spring of 2010. 
 
 
Upstream and Downstream Embankment Surface Sloughing and Erosion Remediation Work 
Current Construction Plan 
 
On March 11, 2009 the West Virginia Department of Environmental Protection Division of Water and Waste Management 
Dam Safety Section performed an inspection of the Bottom Ash Pond Complex.  All of the items recommended in that 
report have been implemented with the exception of the repairing the smaller erosion gullies along the exterior slope of the 
east dike as a maintenance item.  In addition to the WVDEP report, the draft Dam Safety Assessment Report prepared by 
Dewberry & Davis, LLC (dated October 2009) as received from the U.S. Environmental Protection Agency also 
recommended remedial efforts to address sloughing along the downstream slopes of the management unit.  Additionally, 
that report recommended erosion repairs along the upstream slopes adjacent to the paved roadway on the crest.  It is 
anticipated that further grading work will be completed by the end of the 2009 calendar year. 
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Introduction 
 
Following is an analysis performed in support of the proposed slope improvement as related to the shallow slope stability 
issues believed to be the result of the railroad traffic induced vibrations along the west dike. It is believed that the results of 
the analysis indicate that the proposed stabilization work, when completed, as on Drawing 5-30075, will provide an 
adequate long-term factor of safety against slope instability due to railroad induced vibrations.  
 
In addition, AEP accepts the contractor’s recommendation and will measure railway induced vibrations at the site and 
conduct analyses to evaluate the impact of the rail traffic on the dikes.  
 



Existing conditions at the dike of concern include approximately 2 ft thick topsoil placed 

over silty sand. The dike has a maximum slope of 2.2H: 1V with maximum length along 

the slope of 50 feet. A typical cross-section showing the existing conditions is presented 

in Figure 1.  

 

 
Figure 1. Modeled Existing Conditions. 

 

Field observation indicates that topsoil slipping along the topsoil/silty sand interface is 

occurring as a result of train induced vibrations. These conditions are simulated in a 

model prepared using Geo/Slope program. Material properties used in the analysis are 

presented in Table 1.  

 
      Table 1. Material Properties Used in the Analysis 

Material Density, γ 
(pcf) 

Cohesion, c 
(psf) 

Friction Angle, φ 
(Degrees) 

Topsoil 110.5 80 23.2 
Silty Sand 100 0 35 
Topsoil/Sand interface 100 0 30 
Riprap 111 0 45 

 
The analysis showed that factor of safety of less than 1 was reached for slipping along the 

topsoil/silty sand interface under an equivalent acceleration load of approximately 0.12 g 

induced by the trains. Figure 2 show the results of the analysis. 

 



 
Figure 2. Analysis Results for Existing Conditions 

 

Stabilized scheme include replacing the topsoil at the lower portion of the slope with 

riprap. The model for the stabilized section is presented in Figure 3. The material 

property of the riprap is presented in Table 1. 

 
Figure 3. Modeled Stabilized Section. 

 

The results of the analysis of the typical section utilizing the proposed 

stabilization scheme are shown in Figure 4. 



 

 
 Figure 4. Analysis Results for Stabilized Conditions 

 

Analysis of the stabilized section produced stable conditions with a factor of 

safety of 1.268 under an acceleration load of approximately 0.12 g induced by the trains. 

Factors of safety of this magnitude are commonly acceptable for seismic loading.  

 

 

 

 





ATTACHMENT D 
RESPONSE TO EPA’S OCTOBER 29, 2009 PRESS RELEASE REGARDING 

SIMILARITIES BETWEEN SPORN AND KINGSTON.   
U.S. EPA DIRECTED DAM SAFETY ASSESSMENT 

PHILIP SPORN PLANT – MASON COUNTY, WEST VIRGINIA 
 

INTRODUCTION 
 
AEP has thoroughly reviewed the Kingston root cause report and other information to understand 
the Kingston failure.  In addition, Mr. Pedro Amaya, PE and Manager AEP Geotechnical 
Engineering, participated in informal peer reviews of the Kingston root cause report with 
AECOM personnel and others.  As a result of these reviews and considerable study of other 
information available in the public domain, AEP has concluded that the unique conditions that led 
to the failure at Kingston do not exist at the Philip Sporn facilities.     
 
The attached draft “white paper” prepared by Mr. Barry Thacker, P.E. and Principal Engineer and 
President of Geo/Environmental Associates, Inc summarizes his preliminary analysis of the 
claims made in the October 29, 2009 EPA press release and provides an overview of the forensic 
studies performed after the Kingston failure.  In addition, it describes some of the critical factors 
that differentiate the Sporn ash impoundments from the Kingston facility.   
 

 



 
 
1 November 2009 
 
RE:   White Paper on Factors at AEP’s Sporn Ash Disposal Facilities as Compared to Those at 

TVA’s Kingston Facility  
 
BY: Barry Thacker, P.E. 
 
BACKGROUND 
On 22 December 2008, TVA’s Kingston Ash Facility failed.  Following the Kingston failure, 
U.S. EPA conducted on-site evaluations of impoundments at electric utilities nationwide to 
evaluate the structural integrity of those facilities. 
 
According to a press release dated 29 October 2009, “EPA contractors identified factors at the 
AEP Philip Sporn facility that are similar to the Kingston facility – specifically, both facilities 
piled coal ash and bottom ash around the impoundment to raise the impoundment’s walls.”   
EPA has alerted West Virginia public officials and first responders that additional safety testing 
is required at both the Sporn Unit 5 Fly Ash Facility Dam and the Sporn Bottom Ash Facility 
Dam. 
 
I have reviewed the as-built drawings of the two dams at Sporn and performed a preliminary 
analysis to evaluate the claims made by EPA contractors.  Presented are the results of my 
preliminary analysis.  Furthermore, a summary of forensic studies performed after failure of the 
Kingston facility is presented for comparison with my understanding of conditions at Sporn. 
 
TVA KINGSTON FACILITY FAILURE AND ROOT-CAUSE ANALYSIS 
Construction at Kingston began in 1958 when an earthen embankment, designated as Dike C, 
was built within an inundated embayment of Watts Bar Lake.  Dike C was raised in an upstream 
direction over sluiced ash in the 1960s using compacted earthen fill and again in the 1970s using 
compacted ash.     
 
In 1984, construction of dredge cells began on the sluiced ash at Kingston approximately 200 
feet upstream (i.e. setback) from Dike C when the sluiced ash had achieved a maximum depth of 
approximately 45 feet.  The outslopes of the dredge cells were constructed in stages using 
compacted ash.  Sluiced ash was then deposited within cells created by the multi-sided outslopes. 
  
 
The northeastern outslope of the dredge cells, located directly upstream of Dike C, was founded 
entirely on sluiced ash (i.e. splitter dike).  The other outslopes of the dredge cells were founded 
partially on previous embankments or they abut other dredge cells.  No internal drainage 
provisions were included in the construction of Dike C, whereas numerous internal drains were 
installed at various levels within the northeastern outslope of the dredge cells.         
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In 2003 and 2006, “blowouts” reportedly occurred at the downstream toe of the northwestern 
outslope of the Kingston dredge cells.  Internal drainage improvements were made and the 
dredge cells continued to be raised.  At the time of the Kingston failure, the sluiced ash was as 
much as 90 feet deep beneath the dredge cells and additional raising was in process.    
 
TVA retained AECOM to determine the root cause of the Kingston failure.  AECOM concluded 
that the primary failure occurred at the northeastern outslope of the Kingston dredge cells due to 
static liquefaction as shown by the results on Figure 1. Furthermore, AECOM concluded that the 
primary failure caused subsequent failure of Dike C and the northwestern outslope of the dredge 
cells. 
 
AECOM reported that silt and fine fly ash that deposited in that inundated area of Watts Bar 
Lake from the Kingston plant prior to the construction of Dike C formed a laminate with water 
content as high as 140% and other characteristics that make it susceptible to “creep” at a certain 
loading.  “Creep” tests showed failure at shear strength 85% of the peak shear strength. The 
presence of this layer was the primary contributor to the failure, because without the presence of 
the slimes layer, failure of the dredge cells would not have occurred.   
 
As shown on Figure 2, AECOM determined that the failure was caused by four overlapping 
factors as follows: 
 

1. The presence of an unusually weak slimes foundation 
2. The fill geometry and setbacks 
3. Increased loads due to higher fill 
4. Hydraulically placed loose wet ash 

 
AECOM evaluated vibrations caused by train traffic on an active rail line adjacent to the 
northwestern outslope of the dredge cells as a possible trigger to the failure, but determined that 
no trains travelled the line at the time of the failure.  Also, if vibrations from trains had triggered 
the failure, then the primary failure would likely have occurred at the northwestern outslope of 
the dredge cells adjacent to the rail line and not at the northeastern outslope of the dredge cells 
located several hundred feet from the rail line. 
 
AECOM concluded that triggering of the failure was due to either excess construction pore water 
pressures in the sluiced ash due to rapid filling of the cells or to the undrained creep of the 
unusually weak slimes foundation identified beneath the dredge cells. 
INDEPENDENT ASSESSMENT OF KINGSTON FAILURE  
I analyzed the Kingston Ash Facility based on steady-state seepage and effective stress 
conditions as part of the due diligence evaluation of AEP’s ash disposal facilities in accordance 
with the design manual Slope Stability of the U.S. Army Corps of Engineers.  Based on the 
results of independent modeling, I believe that Kingston’s Dike C failed violently due to high 
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pore water seepage pressures in the underlying sluiced ash.  The sluiced ash upstream of Dike C, 
left unsupported by the Dike C rupture, would still have pore water under high seepage pressure 
and could then have failed explosively.  The loss of sluiced ash upstream of Dike C could have 
then undermined the downstream toe of the dredge cells.   
 
Although stable during normal operating conditions, I conclude that the rapid loss of its 
foundation caused the catastrophic collapse of the Kingston dredge cells in a progressive slope 
failure mode as documented in a white paper report dated 26 June 2009.  Results of seepage 
modeling from that white paper report are shown on the attached Figure 3 and results of stability 
analysis are shown on Figure 4 for reference.   
 
No piezometers were installed in Dike C at Kingston to validate the independent modeling 
results, but piezometers were installed in the sluiced ash beneath the northeastern outslope of the 
dredge cells at the locations shown on Figure 3.  Monitoring results from piezometers MW-13 to 
MW-15 are shown on Figure 5.   
 
According to TVA records, artesian pore water pressure conditions were reached in MW-15 in 
the fall of 2007.  TVA then stopped sluicing to Cell 2 of the dredge cells and water levels in the 
piezometers gradually decreased.  When sluicing resumed on 16 October 2008, water levels in 
MW-13 to MW-15 were increasing at a rate of 5 to 8 feet per month when artesian conditions 
were again achieved in MW-15 on 19 November 2008.  Sluicing continued to Cell 2 until the 
artesian pore water pressures increased to the point where Dike C burst as predicted by my 
modeling results shown on Figure 3 and 4.   
 
Figure 6 shows the results of additional seepage modeling for an imaginary piezometer installed 
on the bench at elevation 765 feet of Dike C and screened in the underlying sluiced ash.  Based 
on the modeling, increased levels of the sluiced ash in the dredge cells resulted in increased 
water levels in the sluiced ash beneath Dike C.  Although independent analysis based on Corps 
of Engineers procedures shows the Kingston failure was caused by artesian pore water seepage 
pressures beneath Dike C, continued raising of the dredge cells after the 2003 and 2006 
“blowouts” caused the pore water seepage pressure beneath Dike C to increase to the critical 
level.      
  
 
 
 
ASSESSMENT OF FACTORS AT SPORN 
Unit 5 Fly Ash Facility 
The original earthen dikes at the Sporn Fly Ash Facility were built in 1959 using cohesive soil 
borrow material on a natural brown clay foundation.  Some of the borrow material for 
construction of the dike was obtained from the area between the dikes.  Unlike the original 
construction at Kingston, which was built on a flooded embayment, the site at Sporn was at least 
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10 feet in elevation above the normal pool level of the Ohio River.   
 
The earthen dikes were then raised in 1965 and 1968 using a combination of cohesive soil and 
cohesionless soil borrow materials.  Unlike the raising of the earthen dike at Kingston, which 
was done in an upstream direction with a foundation on sluiced ash, the raising of the earthen 
dikes at Sporn were done primarily in a downstream direction with a foundation on natural clay 
soil.  The exception is at the southeastern corner (i.e.  
Section K-K) where the raising in 1965 and 1968 was done by a combination of construction in 
the upstream and downstream directions. 
 
Expansion occurred again in 1972 when dikes were constructed using a combination of cohesive 
soil and cohesionless borrow material over sluiced fly ash at the eastern and southeastern portion 
of the dikes when the sluiced ash was a maximum of 35 feet thick. The maximum height of the 
dike built in 1972 over sluiced ash was approximately 25 feet.  In 1995, an observed line of 
seepage was found at the downstream toe of the eastern dike.  Remedial repairs were initiated, 
consisting of internal drainage provisions and a buttress built at the downstream toe of the 
eastern dike.   
 
Furthermore, the maximum allowable level of the sluiced ash was lowered from its design 
elevation of 620 feet to elevation 605 feet.  Unlike the Kingston facility where the level of the 
sluiced ash continued to increase after remedial repairs were made in 2003, alternative ash 
disposal provisions were made at Sporn so that the level of sluiced ash has not increased since 
2003 and no raising is proposed in the future. 
 
Comparison of factors from the Kingston root-cause analysis in Figure 1 shows that the only 
factor that applies at Sporn is the presence of hydraulically placed loose wet ash beneath the 
foundation of the eastern and southeastern dikes.  At Sporn, no increased loads have been 
applied.  To the contrary, the allowable sluiced ash level was set at an elevation that is 15 feet 
below the original design level (i.e. from elevation 620 feet to elevation 605 feet) after seepage 
was observed and remedial repair was done.   
 
Furthermore, no soft weak foundation zones have been detected at Sporn as would be expected 
considering that borrow material was excavated between the dikes during the initial construction 
when the site was dry and not under water as in the case at Kingston.  As stated previously, 
AECOM concluded that failure at Kingston would not have occurred except for the presence of 
the weak slimes layer and such conditions were not present at Sporn for a slimes layer to form.  
Finally, unlike Kingston where a 200-foot wide setback was created between the dredge cells 
and the original construction, no setback is present at the Sporn dikes. 
 
A rail line is present adjacent to the western dike at Sporn, but the dikes within about 500 feet of 
the rail line are founded on natural ground and not on hydraulically-placed ash fill.   
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One of the early practitioners in design of ash disposal facilities was Professor Arthur 
Casagrande of Harvard University who served as a consultant on many of the AEP ash disposal 
facilities.  A 1971 design report he co-authored states:  “When fly ash is deposited from a slurry 
in a pond, considerable segregation develops according to grain size and specific gravity.  The 
resulting stratification and loose structure produces relatively high horizontal permeability.”   
 
To assess the potential similarities to Kingston with regard to high pore water seepage pressures, 
finite element seepage analysis was performed for the Sporn Section K-K using a high ratio of 
horizontal to vertical hydraulic conductivity as recommended by Professor Casagrande.  The 
seepage analysis uses what I consider to be a very conservative ratio of 100 for hydraulically-
placed fly ash.  As shown by the results in Figure 7, the predicted phreatic level is well below 
ground surface and is collected by a bottom ash blanket drain and rockfill toe.  For the imaginary 
piezometer shown in Figure 7, the predicted pore water seepage pressure is at a level that is 7 
feet below ground surface.  
 
Bottom Ash Facility 
Borings drilled through the dikes of the Sporn Bottom Ash Facility show that fly ash was used as 
structural fill at some locations.  Areas where compacted fly ash is present within the original 
dike core appear to have been buttressed with compacted bottom ash.  Rip rap and internal drains 
are present to provide internal seepage control.  The boring data reveal relatively high blow 
counts within the fly ash portions of the dikes indicating that it is dense. 
 
Comparison of factors from the Kingston root-cause analysis in Figure 1 shows that none of 
those factors are present at the Sporn Bottom Ash Facility.  The only potential concern identified 
by EPA’s contractors appears to be the use of fly ash as structural fill.   
 
The previously referenced 1971 report by Professor Arthur Casagrande warns of the importance 
of seepage control for dams and dikes retaining fly ash due to its “extreme sensitivity to erosion, 
piping, and liquefaction when in a loose state.  When fly ash is  
well compacted… it has good strength characteristics and is safe against liquefaction failure.”   
 
I concur with Professor Casagrande’s assessment.  In my opinion, the use of dense, compacted 
fly ash as structural material in the core of the Sporn Bottom Ash Facility dikes is prudent.  In its 
dense state, I assess that it is not subject to liquefaction or significant loss of strength either from 
earthquake loading or vibrations such as those from trains.     
 
CONCLUSIONS AND RECOMMENDATIONS 
Only one of the four factors identified as causing the failure at Kingston is present at the Sporn 
Unit 5 Fly Ash Facility.  The only similar condition is the presence of hydraulically-placed ash 
beneath some of the dikes.  Unlike conditions at Kingston where loading continued even after 
“blowouts” occurred in 2003 and 2006, loading ceased at the Sporn Fly Ash Facility after 
seepage was encountered and remedial repair was done. 



 
 6

 
None of the four factors identified as causing the failure at Kingston are present at the Sporn 
Bottom Ash Facility.  I assess that the dense, compacted fly ash present in the core of the dikes is 
not subject to liquefaction or significant loss of strength either from earthquake loading or 
vibrations such as those from trains.     
 
I recommend that a piezometer be installed at the location shown on Figure 7 at Section K-K of 
the Sporn Unit 5 Fly Ash Facility to supplement the existing monitoring and surveillance 
program at the site.   
 
Finally, I recommend that AEP continue its practice of design and performance monitoring on its 
ash disposal facilities according to procedures recommended by the U.S. Army Corps of 
Engineers.  



 

 
 Figure 1.  Primary failure surface location at Kingston from AECOM study 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 2.  Overlapping causes of Kingston Ash Facility failure  

according to root-cause analysis performed by AECOM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Figure 3.  Results of finite element seepage analysis of Kingston Ash Facility from independent 
study (Note:  Actual piezometers MW-13 to MW-15 installed on outslope of dredge cells were 

screened in the sluiced ash at the level where the sluiced ash underlies Dike C.  Ground surface 
at MW-15 is at elevation 771 feet).

 
 
 
 
 
 
 

0.96
Rolled Ash Outslopes (Dredge Cells)

Description: compacted ash     Wt: 100     Cohesion: 0     Phi: 36     
Description: sluiced ash     Wt: 100     Cohesion: 0     Phi: 31.5     
Description: clay dike     Wt: 120     Cohesion: 300     Phi: 26     

Rolled Ash Dike
kv = 2e-4 ft/min, kh/kv = 2

Clay Dike C

Sluiced Ash

Sluiced Ash
kv = 7.5e-5 ft/min, kh/kv = 100

Clay Dike
kv = 1e-6 ft/min, kh/kv = 2

Rolled Ash Dike C

Name: k100failure dike c mid.gsz

DISTANCE, FT
0 10 20 30 40 50 60 70 80 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490 510 530 550 570 590 610 630 650 670 690 710

EL
EV

AT
IO

N
 - 

70
0 

FT

0
10
20
30
40
50
60
70
80
90

100
110
120
130
140
150

Figure 4.  Results of stability analysis of Kingston Ash Facility from independent study  
predicting factor of safety less 1.0 at Dike C for steady-state seepage condition 

 
 
 



 
Figure 5.  Water level monitoring data from Kingston provided by AECOM showing artesian 

conditions at piezometer MW-15 on 19 November 2008.  Even after artesian conditions 
developed in MW-15 on 19 November 2008, sluicing to dredge cells continued until failure 

occurred on 22 December 2008.   
 

  
Figure 6.  Water levels predicted by independent study for imaginary piezometer MW-4C 

installed through the clay-portion of Dike C at Kingston during raising of dredge cells 
Figure 6.  Water levels predicted by independent study for imaginary piezometer MW-4C 

installed through the clay-portion of Dike C at Kingston during raising of dredge cells 
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 Figure 7.  Results of finite element seepage analysis for Sporn Fly Ash Facility Section K-K 

predicting controlled internal drainage beneath dikes (Note: Imaginary piezometer predicts a water 
level that is 7 feet below ground surface)    

 
 


